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(54) Ink Jet recording head 

(57) An ink-jet recording head comprises: an elastic 
sheet providing pressure generating chambers; nozzle 
orifices, each conmunicating with the pressure generat- 
ing chamber; piezoelectric vibrators formed on the elas- 
tic sheet, each of the piezoelectric vibrators having, a 
lower electrode formed on the elastic sheet, a piezoe- 
lectric layer formed on the lower electrode, and an upper 
electrode formed on the piezoelectric layer such that the 



upper electrode faces the respective pressure generat- 
ing chamk>er, wherein the upper electrodes of the pie- 
zoelectric vibrators are positioned independently of 
each other; an electricai insulator layer having windows, 
wherein the electrical Insulator layer covers the upper 
electrodes; and a conductor pattem connecting with the 
upper electrodes via the windows of the electrical Insu- 
lator layer. 
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Description 

BACKGROUND OF THE INVENTiON 

[0001] The present invention relates to an Ink-jet re- 
cording head having piezoelectric layers formed on a 
surface of an elastic sheet which forms part of pressure 
generating chambers communicating with nozzle orific- 
es from which Ink drops are allowed to Issue by displace- 
ment of the piezoelectric layers. 
[0002] The operating principle of ink-jet recording 
heads is such that the elastic sheet described above Is 
displaced by means of piezoelectric vibratos to apply 
pressure to the ink In pressure generating chambers, 
thereby ejecting ink drops from nozzle orifices. Practi- 
cally, ink-jet recording heads are classified In two types 
depending on the piezoelectric vibrator used; one type 
uses a vibrator of a longitudinally vibrating mode which 
extends and contracts along its own axis and the other 
type uses a vibrator of a flexing or fiexural vibrating 
nnode. 

[0003] The first type of ink-jet recording heads is ca- 
pable of changing the volume of each pressure gener- 
ating chamber by contacting an end face of the piezoe- 
lectric vibrator with the elastic sheet and has the advan- 
tage of being suitable for high-density printing. On the 
other hand, the manufacturing process of this type of 
head is complicated since it involves not only a difficult 
step of segmenting the piezoelectric elastic sheet into a 
combtooth-shaped pattern in registry with the pitch on 
which nozzle orifices are arranged but also the step of 
fixing the individual piezoelectric vibrators in an appro- 
priate positional relationship with the respective pres- 
sure generating chambers. 

[0004] In contrast, the second type of ink-jet recording 
heads has the advantage of enabling the piezoelectric 
vibrators to be mounted on the elastic sheet by a rela- 
tively simple process in which a green sheet of piezoe- 
lectric material Is attached to a substrate is conformity 
with the shape of individual pressure generating cham- 
bers and baked. On the other hand, a certain area is 
required to permit fiexural vibrations and this introduces 
d'rfficutty in achieving hlgh^iensity arrangement of pie- 
zoelectric vibrators. 

[0005] To deal with these problems, it has been pro- 
posed as in Unexamined Published Japanese Patent 
Application No. Hei. 5-286131 that a unifomi layer of pi- 
ezoelectric material be formed over the entire sur^ce 
of the elastic sheet by film deposition techniques and 
that the formed piezoelectric layer be segmented into 
shapes that correspond to the pressure generating 
chambers by lithographic techniques such that the pie- 
zoelectric vibrator formed in one pressure generating 
chamber is independent of the vibrator formed in anoth- 
er pressure generating chamber. 
[0006] This proposal eliminates the need to attach the 
piezoelectric vibrators onto the elastic sheet and offers 
the advantage of not only enabling the piezoelectric vi- 



brators to be mounted by the precise and yet simple lith- 
ographic techniques but also reducing the thickness of 
each piezoelectric vibrator by a sufficient amount to per- 
mit fast driving. 
5 [0007] On the other hand, the piezoelectric layer is so 
thin that compared to the attached type of piezoelectric 
vibrator, the rigidity is small enough to increase the 
chance of stress concentration near the boundaries of 
each pressure generating chamber and this causes the 
10 disadvantage of shortening the life of the elastic sheet, 
piezoelectric vibrators and even the electrodes. 
[0008] As another problem, the piezoelectric constant 
is only about a third to half of the value for the piezoe- 
lectric vibrator that is formed by baking an attached 
15 green sheet and this requires driving at high voltage; 
then, both the upper and lower electrodes will experi- 
ence surface discharge along the lateral sides of the pi- 
ezoelectric layer to increase the chance of a leakage 
current of flowing between the two electrodes, thereby 
Instabilizing the issuance of Ink droplets. A further prob- 
lem Is that if the piezoelectric vibrator is segmented or 
divided In correspondence with Individual pressure gen- 
erating chambers, the areas of lateral sides that are ex- 
posed to air atmosphere are so much increased that the 
individual piezoelectric vibrators are prone to deterio- 
rate due to the moisture In air atmosphere. 

SUi^MARY OF THE INVENTION 

[0009] The present invention has been accomplished 
under these circumstances and has as an object pro- 
viding an Ink-jet recording head in which the stress con- 
centration near the boundaries of each pressure gener- 
ating chamber is sufficiently reduced to prevent the 
breakage of the upper electrode. 
[001 0] Another object of the invention Is to provide an 
ink-jet recording head which, in addition to the stated 
advantage, is capable of preventing not only the occur- 
rence of a leakage current through the piezoelectric lay- 
er held between the upper and lower electrodes to there- 
by stabilize the issuance of Ink droplets but also the de- 
terioration of piezoelectric vibrators. 
[0011] According to a first aspect of the Invention, 
there is prDvided an ink-jet recording head comprising: 
an electric sheet providing pressure generating cham- 
bers; nozzle orifices, each communicating with the pres- 
sure generating chamber; piezoelectric vibrators 
formed on the elastic sheet, each of the piezoelectric 
vibrators having, a lower electrode formed on the elastic 
sheet, a piezoelectric layer formed on the lower elec- 
trode, and an upper electrode formed on the piezoelec- 
tric layer such that the upper electrode faces the respec- 
tive pressure generating chamber, wherein the upper 
electrodes of the piezoelectric vibrators are positioned 
independently of each other, an electrical insulator layer 
having windows, wherein the electrical insulator layer 
covers th upper electrodes; and a conductor pattern 
connecting with the upper electrodes via the windows 
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of the electrical insulator layer. 

[0012] Therefore, the upper electrodes are situated 
inward of the pressure generating chambers, so they will 
not experience any abrupt displacements at the bound- 
aries of the pressure generating chambers and hence 
are damage-free, 

[001 3] According to a second aspect of the invention, 
there is provided an ink-jet recording head comprising: 
an elastic sheet providing pressure generating cham- 
bers; nozzle orifices, each communicating with the pres- 
sure generating chamber; piezoelectric vibrators 
formed on the elastic sheet, each of the piezoelectric 
vibrators having, a lower electrode formed on the elastic 
sheet, a piezoelectric layer formed on the lower elec- 
trode, and an upper electrode formed on the piezoelec- 
tric layer such that the upper electrode faces the respec- 
tive pressure generating chamber, wherein the piezoe- 
lectric layer and the upper electrodes are formed Inside 
of the areas facing the respective pressure generating 
chamber; an electrical insulator layer having windows, 
wherein the electrical insulator layer covers the upper 
electrodes; and a conductor pattem connecting with the 
upper electrodes via the windows of the electrical insu- 
lator layer. 

[0014] The second aspect Is effective not only in pre- 
venting the stress concentration due to the abrupt dis- 
placement at the boundaries of each of the pressure 
generating chambers but also In ensuring good electri- 
cal insulation between the upper and lower electrodes 
and complete isolation from air atmosphere by means 
of the electrical insulator layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 q 

Fig. 1 is an exploded perspective view of an ink-jet 
recording head according to an emtxsdiment of the 
invention; 

Fig. 2A shows the structure of a longitudinal section 
of a single pressure generating chamber in the ink- 
Jet recording head; 

Rg. 2B shows the layout of conductor patterns with 
particular reference to the relative positions of pres- 
sure generating chambers, upper electrodes and a 
lower electrode; 

Fig. 3A shows the structure of a longitudinal section 
of a single pressure generating chamber In an ink- 
jet recording head according to another embodi- 
ment of the invention; 

Fig. 38 shows the layout of conductor patterns with 
reference to the relative positions of pressure gen- 
erating chambers, upper electrodes and a lower 
electrode; 

Fig. 4A shows the structure of a longitudinal section 
of a pressure generating chamber in an ink-jet re- 
cording head according to yet another embodim nt 
of the invention; 



Fig. 48 shows the structure of two pressure gener- 
ating chambers in a section that is taken in a direc- 
tion in which they are oriented side by side; 
Figs. 5-1 to 5-1 r show the second half of a method 
s of processing a single-crystal silicon substrate to 
fabricate the ink-jet recording head of the invention; 
Rgs. 6-1 to 6-11' show the second half of the process- 
ing method; 

Rg. 7 Is a longitudinal section of another type of ink- 
Jet recording head to which the electrode structure 
of the invention is applicable in accordance with a 
further embodiment of the invention; and 
Fig. 8 is a longitudinal section of an exemplary ink- 
jet recording head that employs flexing vibrators. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 6] The present Invention will now be described in 
detail with reference to the embodiments shown in ac- 
companying drawings. 

[0017] Rg. 1 Is an exploded perspective view of an 
embodiment of the Invention and Fig. 2 shows the struc- 
ture of a section of one pressure generating chamber 
as taken in the longitudinal direction, in these figures, 
numeral 1 refers to an Ink channel forming substrate 
which is open on one side an provided on the other side 
with an elastic sheet 2 of silicon oxide. The substrate 1 
is a single-crystal silicon substrate which is etched ani- 
sotropically to from pressure generating chambers 3 
and reservoirs 4, as well as Ink supply ports 5 in the form 
of recesses that communicate the pressure generating 
chambers 3 and reservoirs 4 through a certain resist- 
ance to fluid flow. 

[0018] Those areas of the elastic sheet 2 which face 
the individual pressure generating chambers 3 are pro- 
vided with piezoelectric vibrators 6 that are mounted in- 
dependently of each other by a film deposition technique 
in the respective generating pressure chambers 3. 
[0019] Each piezoelectric vibrator 6 comprises In su- 
perposition of a lower electrode 10 formed on a surface 
of the elastic sheet 2 to cover the substantial areas of 
each pressure generating compartment 3 and each ink 
supply port 5, a piezoelectric layer 11 formed in such a 
way that it does not extend beyond the area of the pres- 
sure generating chamber 3 in which the elastic sheet 2 
is exposed ant that it is slightly narrower than the width 
of the pressure generating chamber 3, and an upper 
electrode 12 formed on a surface of each piezoelectric 
layer 11. 

[0020] As shown deariy in Figs. 2A and 2B. the pie- 
zoelectric layers 11 and upper electrodes 12 are each 
formed In such a way that the sides lla and 1 2a on the 
nozzle oriflce side and the sides lib and 12b on the ink 
supply port side are each located inward of the t)ound- 
aries 3a and 3b of the pressur generating chamber 3 
in a longitudinal direction and desirably Inward of th 
partition walls of each pressure generating chamber in 
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the direction of width. 

[0021] A thin electrical insulator layer 13 is formed to 
cover at least the peripheral edge of the top surface of 
the upper electrode 12 and the lateral sides of the pie- 
zoelectric layer 11. The insulator layer 13 is fbnmed of 
any material that permits film fomnation by a suitable 
deposition technique or which can be trimmed by etch- 
ing as exemplified by silicon oxide, silicon nitride or an 
organic material, preferably a photosensitive polyimide 
having low rigidity and good electrical insulating proper- 
ty. 

[0022] A window 13a is fbmied in a selected area of 
the upper electrode 12 on the Insulator layer 13 to have 
the upper electrode 12 partly exposed to establish con- 
nection to a conductor pattern 14. One end of the con- 
ductor pattern 14 is connected to the upper electrode 
12 via the window 13a and the other end extends to a 
suitable connection terminal. The conductor pattem 14 
is formed In the smallest possible width that ensures 
positive supply of a drive signal to the upper electrode 
12. 

[0023] Shown by 15 Is a nozzle plate with nozzle ori- 
fices 16 that communicate with the pressure generating 
chambers 3 at one end; the nozzle plate 15 is fixed in 
such a way as to close the open side of the ink channel 
forming substrate 1. Shown by 17 in Fig. 1 is a flexible 
cable for supplying a drive signal to the piezoelectric vi- 
brators 6 and numeral 18 designates a head case. 
[0024] In the embodiment under discussion, a drive 
signal supplied from an external drive circuit to each pi- 
ezoelectric vibrator 6 via the flexible cable 17 passes 
through the conductor pattem 14 to t}e applied to the 
upper electrode 12, whereupon the piezoelectric vibra- 
tor 6 flexes to reduce the volume of the pressure gen- 
erating chamber 3. 

[0025] As a result of this volume change, the ink in the 
pressure generating chamber 3 is given a sufficient 
pressure to be partly ejected as an ink drop from the 
nozzle orifice 16. When the Issuance of the ink drop 
ends, the piezoelectric vibrator 6 reverts to the initial 
sate, whereupon the volume of the pressure generating 
chamber 3 Increases to allow the ink In the reservoir 4 
to flow Into the pressure generating chamber 3 via the 
Ink supply pori 5. 

[0026] As already mentioned, the piezoelectric layer 
1 1 which is a component of each piezoelectric vibrator 
6 is formed in such a size that the two ends Ha and lib 
are located inward of the boundaries 3a and 3b of the 
pressure generating chamber 3. In other.words, no part 
of the piezoelectric layer 11 or the upper electrode 12 is 
positioned at the boundary 3b and subject to the effect 
of a sharp displacement gradient. Hence, the piezoelec- 
tric layers 11 and the upper electrodes 3b are entirely 
free from breaking due to mechanical fatigue. 
[0027] Fig. 8 shows a conventional type of ink-jet re- 
cording h ad in which a piezoelectric layer 11* extends 
near t an end portion of the head to sen^e as an insu- 
lator layer between the low relectrod lOandanupp r 



electrode ^2\ of which an extension is used as a lead- 
out electrode, in this case, the piezoelectric layer ir is 
located at the end 3b of the pressure generating cham- 
ber 3 and a sharp displacement gradient will occur in 
5 the area of the piezoelectric layer 11* which faces the 
boundary 3b to thereby increase the chance of the pie- 
zoelectric vibrator 6 of breaking. 
[0028] Retuming back to the invention, the conductor 
pattem 14 connected to the upper electrode 12 is 
10 formed on a surface of the insulator layer 1 3 and has a 
sufficient spacing from the lower electrode 10 to provide 
the necessary Insulation resistance for preventing sur- 
face discharge in addition, the static capacity and the 
piezoelectric loss are reduced to such low levels that 
15 one can avoid the drop in response speed and prevent 
heat generation. 

[0029] Further in addition, the piezoelectric layer 11 
which will readily change in piezoelectric constant and 
other characteristics upon moisture absorption has the 
top surface isolated from air atmosphere by means of 
the upper electrode 12 and the Insulator layer 13 which 
are both formed of a dense film, whereas the lateral 
sides of the piezoelectric layer 11 are Isolated from air 
atmosphere by means of the insulator layer 13; there- 
fore, the piezoelectric layer 11 will not absorb moisture 
but can maintain its initial characteristics for a prolonged 
time. 

[0030] In the embodiment described above, the con- 
ductor pattem 14 is connected to only one end of the 
upper electrode 12. This ie not the sole case of the in- 
vention and, as shown in Figs. 3Aand 3B, the conductor 
pattem 14 may extend to a lateral side of the upper elec- 
trode 12 and a plurality of windows 13a, 13b and 13c 
are formed in the insulator layer 13 facing the upper 
electrodes 12. such that the conductor pattem 14is con- 
nected to the upper electrode 1 2 via these windows 1 3a 
to 13c. This design Is effective in supplying a drive signal 
to the upper electrode 12 with the smallest possible re- 
sponse delay. 

[0031] In the embodiment shown described above, 
windows 13a, 13b and 13c are formed in the insulator 
layer 13 in conformity with the shape of the connections 
to the conductor pattem 14. Altematively, windows larg- 
erthan the connections to the conductor pattem 14 may 
be formed in the insulator layer 13 in ail areas except 
selected portions AL, AL' and AL" of the periphery of the 
top surfiace of the upper electrode as shown in Fig. 4. 
Even in this case, the piezoelectric layer 11 has its sur- 
face covered with the upper electrode 12 which is 
formed of a dense film of platinum or any other suitable 
metal whereas the lateral sides of the piezoelectric layer 
11 are covered with the insulator layer 13 such that the 
piezoelectric layer 1 1 is entirely isolated from air atmos- 
phere to prevent the deterioration by atmospheric mois- 
tur or the like and the surface discharg occurring 
along the lateral std s. 

[0032] The vwndows In the Insulator layer occupy the 
greater part of the displacement region of the piezoe- 
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lectric layer 1 1 and only the upper electrode 1 2 is super- 
posed on that region of the piezoelectric layer 11; as a 
result, the increase in rigidity due to the rigidity of the 
Insulator layer 13 is minimized to permit the piezoelec- 
tric layer 1 1 to be displaced by a greater amount per unit 
voltage than in the previous embodiments. 
[0033] The recording heads of the types described 
above can basically be fabricated by anisotropic etching 
of a single-crystal silicon suk)Strate used as a preform 
and processed as described below with reference to 
Figs. 5 and 6. 

[0034] First the opposite surfeces of the single-crys- 
tal silicon substrate 20 are thermally oxidized or other- 
wise processed to fomi silicon oxide films 21 and 22. A 
conductive layer 23 working both as a diaphragm and 
as a lower electrode is formed by sputtering Pt on one 
side of the substrate to prepare a prefonm. A piezoelec- 
tric layer 24 typically made of PZT (lead zlrconate-titan- 
ate) Is formed on a surface of the conductive layer 23 
and a conductive layer is also fomried as an upper elec- 
trode successively. In the next step, tK>th the upper elec- 
trode and the piezoelectric layer are etched successive- 
ly by a photo-iithographic technique In conformity with 
the shape of the pressure generating chambers. Sub- 
sequently, the lower electrode is pattemed by a photo- 
lithographic technique. Further In addition, the silicon 
oxide film 22 on the other side of the single-crystal sili- 
con substrate 20 is pattemed by a photo-lithographic 
technique in conformity with the shape of the pressure 
generating chambers. Hydrofluoric acid Is used as an 
etchant to etch the silicon oxide film 22 during the pat- 
temlng process and the piezoelectric layer 24 can effec- 
tively be protected from the hydrofluoric acid by simply 
coating a resist on the layer (Rg. 5-1). 
{0035] In the next step, a fluoroplastic protective film 

26 is formed in a thiclcness of about 6 jim over the pie- 
zoelectric layer 24 and the conductive layers 23 and 25 
(Rg. 5-11). 

[0036] A suitable fluoroplastic resin is whiri coated In 
a thickness of about 2 p/n and dried by heating at 120*^0 
for 20 min. By repeating these procedures three times, 
the desired protective film 26 can be formed In intimate 
contact with the piezoelectric layer 24 and the conduc- 
tive layers 23 and 25 with the degree of polymerization 
being adequately increased. 

[0037] Another method of forming the fluoroplastic 
protective film 26 Is shown In Fig. 5-11*. A suitable resin 
film 27 is attached to the other side of the preform and 
the entire assembly is immersed in a fluoroplastic resin 
solution such that the latter is deposited to cover the pi- 
ezoelectric layer 24 and the conductive layers 23 and 
25. The deposited fluoroplastic coating 28 is prean- 
nealed at 100*^0 for about 30 mIn, then heated at 200''C 
for 30 min until the coating 28 cures to such a hardness 
that it can serve ae a protective film. When the formation 
of the fluoroplastic protective film 28 ends, the resin film 

27 may be stripped off. whereupon the unwanted ar as 
of the fluoroplastic prot ctive film 29 are also removed. 



[0030] The pattemed silicon oxide film 22 Is immersed 
In a 5 to 20 wt% aqueous potassium hydroxide solution 
held at 80^*0 to perform etching for about 1 to 2 h. As a 
result, with the silicon oxide film 22 serving as a protec- 

5 tive layer, etching goes through the single-crystal silicon 
substrate until it stops at the silicon oxide film 21 on the 
other side, to thereby form recesses 30 which serve as 
pressure generating chambers (Fig. 6-1). In this step, tiie 
fluoroplastic protective film 28 effectively prevents the 

10 piezoelectric layer from being damaged by the aqueous 
potassium hydroxide solution. 

[0039] Subsequentiy, those areas of the silicon oxide 
film 21 serving as an etching stopper which are exposed 
In the recesses 30 and the silicon oxide film 22 serving 
IS as an anisotropic etching pattern are stripped away with 
a hydrofluoric acid solution or a liquid mixture of hy- 
drofiuoric acid and ammonia. Finally, the fluoroplastic 
film 26 (28) Is etched away with an oxygen plasma (Rg. 
6-11). 

[0040] If desired, the etching may be performed in 
such a way that windows 31 are formed in at least those 
areas of the fluoroplastic film 26 (28) on top of the con- 
ductive layer 25 sen^ng as the upper electrode which 
provide connections to the conductor pattern whereas 
the resin film 26 (28) remains Intact on the lateral sides 
of the piezoelectric layer 24. In this way, the fluoroplastic 
film 26 (28) is adapted to function just like the Insulator 
layer 13 used in the previous emtx>diments (Rg. 6-11*). 
[0041] Needless to say, if the fluoroplastic protective 
film 26 (28) is entirely stripped away as In the case 
shown in Rg. 6-11, an insulator film 13 may be addition- 
ally formed in the manner already described above. 
[0042] In the foregoing emtx>diments, the recording 
head is of a face type in which nozzle orifices 16 ar 
formed in a direction perpendicular to the head face. Ob- 
viously, the concept of the invention is equally applicable 
to an edge-type head which, as shown in Fig. 7, hes 
nozzle orifices 41 trared through an end face 40 of the 
head, particulariy in the pressure generating chamber 
constituting member such as an ink channel forming 
substrate, in such a way that they communicate with th 
ink channels. 

[0043] Further in addition, the foregoing embodi- 
ments concern the case where the piezoelectric vibra- 
tors are formed by a film-deposition technique but, ob- 
viously, the same advantage will t>e attained if a green 
sheet of a piezoelectric material is cut to shapes that 
conform to the pressure generating chambers, attached 
to an elastic sheet and baked to form piezoelectric lay- 
ers. 

[0044] As described on the foregoing pages, the 
present invention provides an ink-jet recording head 
having piezoelectric vibrators comprising a lower elec- 
trode fomried on a surface of an elastic sheet providing 
pressure generating chamb rs communicating with 
nozzle orifices, piezoelectric layers formed on a surface 
of said lower lectrode and upper electrodes formed on 
surfaces of said piezoelectric lay rs in the areas facing 
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said pressure generating chambers, wherein said upper 
electrodes are Ibrmed independently of each other in 
the areas facing said pressure generating chambers 
and wherein an electrical Insulator Is formed such that 
it covers an area extending from the peripheral edge 
portion of the top surface of each of said upper elec- 
trodes to the lateral sides of each of said piezoelectric 
layers, with a window being left intact to provide at least 
a connection to a conductor pattern. In this design, the 
upper electrodes are located inward of the pressure 
generating chambers and are not subject to abrupt dis- 
placements at the boundaries of the pressure generat- 
ing chambers; therefore, the upper electrodes are efTec- 
tively prevented from being open-circuited. In addition, 
the piezoelectric vibrators are effectively covered with 
the insulator layer to prevent not only the occurrence of 
surface discharige between the upper and lower elec- 
trodes but also the deterioration due to moisture akisorp- 
tion. 



Claims 

1. Ink-Jet recording head comprising: 

a substrate (1) having pressure generating 
chambers (3) formed therein; said pressure 
generating chambers (3) having openings to a 
surface of the substrate (1); 

an elastic sheet (2) disposed on the surface of 
said substrate (1) to close the openings of the 
pressure generating chambers (3); 

nozzle orifices (16) communicating with s^d 
pressure generating chambers (3); 



a lower electrode ( 1 0) formed on the elastic 
sheet (2), 

a piezoelectric layer (11) formed on the 
lower electrode (10), and 

an upper electrode (12) formed on the pie- 
zoelectric layer (11) such that the upper 
electrode (12) faces the respective pres- 
sure generating chamber (3), 

wherein the piezoelectric layer is formed in an 
area which does not ext nd beyond the bound- 
aries (3a,b) in a longitudinal direction of the 
opening of the pressure generating chamber. 



10 4. 
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piezoelectric vibrators (6) which are formed by 
a film deposition technique on the elastic sheet 
(2), each of the piezoelectric vibrators (6) hav- 40 
tng: 



Ink-jet recording head according to claim 1 , wherein 
the piezoelectric layer is defined inside the bound- 
aries defining the opening of the pressure generat- 
ing chamber. 

Ink-jet recording head according to claim 1 or 2, 
wherein the upper electrode Is formed In a substan- 
tially same shape as and on the piezoelectric layer. 

ink-jet recording head according to claim 2 or 3, fur- 
ther comprising: 

an insulator layer (13) formed on a portion of 
the upper electrodes (12); 

windows (13a»13b,13c) formed in said insulator 
layer (13); and 

a conductor pattern (14) connecting the upper 
electrodes (12) through the windows (13a,13b, 
13c) of the insulator layer. 

Ink-Jet recording head according to daim 4, wherein 
the windows (13a, 13b, 13c) extend to a peripheral 
edge of each of the piezoelectric layers (11) such 
that the windows do not interfere with the displace- 
ment of the vibrating region of the piezoelectric lay- 
er (11). 

Ink-jet recording head according to claim 4, wherein 
the conductor pattern (14) is formed on a lateral side 
of the upper electrode (1 2) between the pressure 
generating chambers (3) and connected to said up- 
per electrode at more than one site through said 
windows (13a,13b,13c). 

Ink-jet recording head according to claim 4, wherein 
the electrical insulator layer (13) is made of either 
one of a silicon oxide, a silicon nitride an organic 
material. 

Ink-Jet recording head according to claim 6, wherein 
the insulator layer (13) is made of a polyimide. 

Ink-jet recording head according to claim 4, wherein 
the insulator layer (13) is formed of an etchant re- 
sistant film which is used as a protective film at etch- 
ing. 



50 10. Method for forming an Ink-jet recording head com- 
prising the following steps: 



forming pressure generating chambers In a 
substrate (1) such that said pressure generat- 
ing chambere (3) have openings to a surfac of 
the sut)strate (1); 
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fbmriing an elastic sheet (2) on the surface of 
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said substrate (1) to close the openings of the 
pressure generating chambers (3); 

forming nozzle orifices (16) communicating 
with said pressure generating chambers (3); 

forming piezoelectric vibrators (6) by a film dep- 
osition technique on the elastic sheet (2), 
wherein 

a lower electrode (10) Is formed on the elastic 
sheet (2), 

a piezoelectric layer (11) is formed on the lower 
electrode (10), wherein the piezoelectric layer 
Is formed in an area which does not extend be- 
yond the boundaries (3a,b) in a longitudinal di- 
rection of the opening of the pressure generat- 
ing chamber, and 

an upper electrode (12) Is formed on the piezo- 
electric layer (11) such that the upper electrode 
(12) faces the respective pressure generating 
chamber (3). 

1 1 . Method according to claim 1 0 further comprising the 
step of forming the piezoelectric layer inside the 
t>oundaries of the openings of the pressure gener- 
ating chamber. 

12. I^ethod according to claim 10, comprising the step 
of forming the upper electrode in a sut>stantially 
same shape as the piezoelectric layer. 

13. Method of daim 10 further comprising the steps of: 



dows (13a,13b,13c). 

16. Method according to daim 10 comprising the step 
of forming the electrical insulator layer (13) of either 

s one of a silicon oxide, a silicon nitride an organic 
material. 

1 7. Method according to claim 13. wherein the insulator 
layer (13) is made of a polyimlde. 

10 

18. Method according to claim 10, comprising the step 
of forming the Insulator layer (13) of an etchant re- 
sistant film which is used as a protective film at etch- 
ing. 

15 



forming an insulator layer (13) on a portion of 
the upper electrodes (12); 



forming windows (13a, 13b, 13c) in said insula- <o 
tor layer (13); and 



a conductor pattern (14) connecting the upper 
electrodes (12) through the windows (13a,13b, 
1 3c) of the insulator layer. 4S 



14. Method according to claim 1 0, wherein the windows 
(13a,13b,13c) are formed to extend to a peripheral 
edge of each of the piezoelectric layers (11) such 
that the windows do not interfere with the displace- so 
ment of the vibrating region of the piezoelectric lay- 
er (11). 



15. Method according to claim 10, comprising the step 
of forming the conductor pattem n a lateral side of ss 
th upper electrode (12) t>etween the pressure gen- 
erating chamb rs (23) and connected to said upper 
electrode at more than one site through said win- 
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